Background: Mexican Americans (MAs) comprise the largest component of the largest minority group within the United States. The purpose of this study was to examine ethnic and gender differences in the epidemiology, presentation, and outcomes after subarachnoid hemorrhage (SAH) in a representative United States community. Targeted public health interventions are dependent on accurate assessments of groups at highest disease risk.
that SAH disproportionately affects women compared with men. 4 A secondary goal of this population-based work was to compare SAH by gender.
METHODS Population. The Brain Attack Surveillance in
Corpus Christi (BASIC) Project is a population-based stroke surveillance study in Nueces County, a bi-ethnic community in southeast Texas. Nueces County is predominantly an urban population with 90% of county residents residing within the city of Corpus Christi. According to the United States Census, 5 the Nueces County population was 313,645 in 2000 and 321,457 in 2006, an increase of just 2.49% in 6 years. Nueces County is not an immigrant community, there is little influx or efflux of residents, and we have previously shown that the MAs are predominantly second and third generation United States citizens and have resided in Nueces County longer than the NHW population. 6 In a population-based random digit dialed telephone survey performed in this community, no difference was found between MAs and NHWs with respect to hypertension, current tobacco use, or elevated lipid levels. Diabetes was more common in MAs (15%) compared with NHWs (9%). 6 Surveillance methodology. An academic medical center is not present in this community. The closest referral centers are in Houston and San Antonio (approximately 150 miles away). This geographic isolation allows for complete case capture of initial cerebrovascular events at the seven hospitals in the county. The methods employed in the BASIC project have previously been described in detail. 7 Briefly, active and passive surveillance were used to identify all cases of nontraumatic SAH from January 1, 2000, to December 31, 2006, in patients older than 44 years. Cases were identified from emergency department and inpatient documentation by manually searching emergency department and inpatient logs for a set of previously validated screening diagnostic criteria that included a comprehensive list of focal and generalized neurologic symptoms of SAH. 8 This active surveillance was supplemented by a review of hospital discharge records, searching for ICD-9 (International Classification of Diseases, ninth revision) 9 codes for stroke, as previously described. 7 The county coroner was contacted to determine if there were cases of sudden death due to SAH that never made it to the hospital. Several years ago, we reported preliminary SAH findings in this population from 2000 to 2002 as part of a larger study of all stroke types. 10 Planned additional time has allowed sufficient case capture to more fully examine SAH in MAs compared with NHWs and these data are presented here.
Demographics (including race-ethnicity), length of stay, time to presentation, and risk factors were obtained from the medical records by trained abstractors. Among the Hispanics in Nueces County included in the 2000 US Census, only 1.2% identified an ancestral origin from a country other than Mexico (1% identified Spain and 0.2% identified Central or South America). We have previously demonstrated high agreement between ethnicity recorded in the medical record and self-reported ethnicity in this population (kappa ϭ 0.94). 7 Further, agreement between the chart and self-reported risk factors was high for hypertension as well (kappa ϭ 0.62). We prospectively decided to include risk factors that previously were shown to affect SAH incidence. 11 Risk factors included documented history of hypertension, current smoking, excessive alcohol consumption (Ն4 alcoholic drinks per day), and any health insurance. Time from symptom onset to presentation was calculated from the medical record. If specific onset time was not re-corded, a previously published, standardized estimation method was used. 12 If no reference to time of onset was listed in the medical record, time was recorded as unknown. Discharge modified Rankin (mRS) and Glasgow Coma Scales (GCS) were retrospectively calculated from the medical record by the abstractors.
A board certified neurologist validated all cases of SAH using source documentation including emergency department and hospital admission records, blinded to ethnicity and age. SAH in this study was defined as neuroimaging evidence of the presence of subarachnoid blood. Additionally, cases with CSF results that had a red blood cell count of Ͼ1,000 (without a 25% decrease in red blood cells from first or last tubes) or evidence of xanthochromia were validated as SAH. 13 Cases that had both intracerebral hemorrhage (ICH) and SAH are classified as SAH if an aneurysmal source of bleeding was documented on radiologic reports or the report suggested a subarachnoid origin of the bleeding. Cases were classified as ICH if a parenchymal source of bleeding was thought more likely. SAH occurring in the setting of a coagulopathy without the identification of an arteriovenous malformation or aneurysm were excluded.
The Institutional Review Boards of the local hospitals and the University of Michigan provided approval for the BASIC project. All individual patient identifiers were removed from the source documents.
Statistical methods.
This was a primary, prospective, prespecified analysis of BASIC. Patients' demographic and clinical characteristics were expressed as mean and standard deviations for continuous variables, as medians and interquartile ranges for skewed and ordinal variables, and as frequencies for nominal variables.
Cumulative incidence of SAH over the 7-year study period was calculated by race/ethnicity, by gender, and by age, categorized into groups (45-59, 60 -74, and Ն75). Denominators for the incidence calculations were derived from the 2000 US Census. 5 Population data for 2000 were chosen to represent the population at risk for stroke as our case ascertainment for stroke began in this year. Risk ratios and 95% CIs were calculated to compare MAs and NWHs and women and men overall and within age groups. The Breslow Day test of homogeneity was used to test for ethnic and gender differences in the SAH risk ratios by age.
A Poisson regression model that simultaneously adjusted for age, ethnicity, and gender was used to evaluate the independent contribution of these factors on the incidence of SAH. The outcome was the number of cases in strata defined by gender, ethnicity, and age category (45-90, 60 -74, and Ն75), and the offset was the population in the respective strata. We tested for gender by ethnicity interaction after adjustment for age. Because adjustment by age in only three categories may render the analysis susceptible to residual confounding, adjustment for age in 5-year intervals was also considered.
RESULTS
From January 1, 2000, to December 31, 2006, cases screened by abstractors totaled 29,907. The screened population was 38% NHW, 55% MA, 6% African American, and 1% other race/ethnic groups. The median age was 70 and 60% were women. Of these cases, 6,550 met criteria for cerebrovascular events (TIA, ischemic stroke, ICH, and SAH) and were referred to a neurologist for validation. There were a total of 5,540 validated cerebrovascular events during the study time period. A total of 117 cases were validated as SAH by study neurologists. Ten cases were excluded due to small numbers in the race-ethnic group (8 African Americans and 2 Asian Americans) leaving 107 SAH cases for analysis. Each case represents one individual. No one had more than one SAH during the study course.
Of the 107 patients included in the analysis, 43 (40.0%) were NHW and 64 (60.0%) were MA (table 1), although 52% of the population 45 years and older is NHW, and 48% are MA. Moreover, 67.3% of the patients with SAH in this study were women, although only 53.5% of the population are women. There were no significant racial/ethnic differences in prevalence of hypertension, excessive alcohol use, tobacco use, hospital length of stay, in-hospital mortality, initial and discharge GCS, and discharge mRS. Similarly, there were no gender differences in any of the variables listed in table 1 except that men had greater excessive alcohol use (p ϭ 0.03).
The 7-year cumulative incidence for SAH was higher in MAs compared with NHWs (table 2). The overall age-adjusted risk ratio for SAH in MAs compared with NHWs was 1.67 (95% CI: 1.13, 2.47). We also found gender differences in SAH incidence (table 2). The Breslow-Day test for homogeneity of gender differences across age was p ϭ 0.08. Given the marginal results, and since this test is underpowered, both age-adjusted gender risk ratio and stratified age/gender risk ratios were computed. The overall age-adjusted risk ratio for SAH in women compared to men was 1.74 (95% CI: 1.16, 2.62); age-specific gender risk ratios are given in table 3 .
The Poisson regression model that simultaneously adjusted for age, ethnicity, and gender confirmed that gender and ethnicity were independent risk factors for SAH incidence, and showed a marginal increasing incidence of SAH with increasing age (table 4, p value for trend ϭ 0.08). Although MA women have the highest incidence, a formal test for the interaction of gender and ethnicity for SAH incidence was not conclusive (p ϭ 0.16). Age adjustment in finer age categories did not change the estimated ethnicity and gender risk ratios. 
DISCUSSION
This study found that SAH is 67% more common in MAs compared to NHWs adjusted for age. Prior population-based studies have also documented racial/ethnic differences in SAH incidence. In Northern Manhattan, the age-and sex-adjusted incidence of SAH was 30% greater for Caribbean Hispanics compared with NHWs, although a significant difference was not observed perhaps due to the small number of cases observed. 1 Another population-based study that used passive surveillance in Bernallilo County, NM, documented a two and a half fold higher incidence of spontaneous SAH in Hispanic Americans compared to NHWs. 2 The reasons for the higher risk of SAH in MAs compared with NHWs are likely multifactorial. Genetic heterogeneities resulting in a higher prevalence of intracranial aneurysms or other vascular malformations and a greater tendency to bleed from these vascular structures among MAs have been reported. 2 Racial/ethnic differences in risk factors including hypertension, heavy alcohol consumption, and cigarette smoking have also been suggested as possible explanations for racial/ethnic differences in SAH incidence. 2 Although differences in SAH risk factors, including hypertension and alcohol and tobacco use, did not differ among the cases in the current study, these factors may still explain some of the observed race-ethnic differences in SAH. Still, previously reported survey data from the community studied in the current work did not demonstrate differences in cigarette smoking and hypertension among MAs and NHWs. 6 Nevertheless, differences in the amount and duration of tobacco use and underdiagnosis or undertreatment of hypertension may play a role in ethnic differences in SAH incidence. Prior studies have demonstrated lower treatment rates of hypertension in Hispanics compared with NHWs as well as more poorly controlled hypertension despite medical treatment in racial/ethnic minorities. 14, 15 Further studies are warranted to examine these factors as well as other factors such as socioeconomic status and access to care that may mediate racial/ethnic differences in SAH risk.
We found no ethnic difference in outcome at discharge as measured by the modified Rankin score. Because of the relatively small sample size we had limited power to detect such a difference.
Another interesting finding was the gender difference in the incidence of SAH. Women comprised 67.3% of the patients affected by SAH in this study. MA women were disproportionately affected by SAH (table 2) . Prior studies have documented higher rates of SAH in women compared to men. 4 Differences in hypertension, smoking, and alcohol use as well as the involvement of estrogen have been suggested as possible explanations of the gender disparity in SAH. 16 Further studies are warranted to examine the gender disparities and potential gender/ ethnicity interaction in SAH.
An advantage of this study is the rigorous methods used for SAH case identification. We capture events through a combination of active and passive surveillance using rigorous validation and screening mechanisms in this community. This study has several important limitations. We were limited by the overall number of cases, and were therefore unable to comment further on racial/ethnic differences in aneurysm size, location, or treatments. Only those Ͼ44 were included in the study. Prior studies have found higher SAH incidence in young men compared with young women. 17 If younger ages were included it is possible that an interaction between gender and age would be found, making age adjustment inappropriate and leading to different gender-specific ratios at different ages. However, SAH incidence increases with age and is much less common before age 45, Table 3 Age-and sex-specific 7-year cumulative incidence and risk ratios, with half the incidence in those 35-45 compared to those 45-55. 17 Given our study design, we were unable to explore potential reasons for the observed ethnic differences aside from demographic characteristics. In the current study, it would have been useful to directly compare risk factor profiles to subjects in the community who did not have a SAH. These comparisons are the necessary next step in identifying modifiable risk factors to lessen the SAH burden in women and MAs. This study is also limited to one geographic area, which is unique in its demographic composition, so caution is advised when generalizing to other populations.
This study provides the epidemiology, risk factors, and outcome of subarachnoid hemorrhage in a bi-ethnic community devoid of a tertiary referral center in the United States. We found a substantially elevated SAH risk in MAs compared with NHWs as well as a substantial gender disparity in SAH incidence. Further studies are indicated to fully appreciate the etiology of these differences. Analysis of larger populations may be helpful as the current study also suggests a trend that women may contribute disproportionately to the increased burden of SAH in MAs. Public health planners may consider women and MAs high-risk groups for risk-factor reduction efforts.
